Background: Despite the evidence that the patient gender is an important component in the intensive care unit (ICU) admission decision, the role of physician gender and the interaction between the two remain unclear. Objective: To investigate the association of both the patient and the physician gender with ICU admission rate of critically ill emergency department (ED) medical patients in a hospital with restricted ICU bed capacity operates with 'closed door' policy. Methods: A retrospective population-based cohort analysis. We included patients above 18 admitted to an ED resuscitation room (RR) of a tertiary hospital during 2011-12. Data on medical, laboratory and clinical characteristics were obtained. We used an adjusted multivariable logistic regression to analyze the association between both the patient and the physician gender to the ICU admission decision. Results: We included 831 RR admissions, 388 (46.7%) were female patients and 188 (22.6%) were treated by a female physicians. In adjusted multivariable analysis (adjusted for age, diabetes, mode of hospital transportation, first pH and patients who were treated with definitive airway and vasso-pressors in the RR), female-female combination (patient-physician, respectively) showed the lowest likelihood to be admitted to ICU (adjusted OR: 0.21; 95% CI: 0.09-0.51) compared to male-male combination, in addition to a smaller decrease among female-male (adjusted OR: 0.53; 95% CI: 0.32-0.86) and male-female (adjusted OR: 0.43; 95% CI: 0.21-0.89) combinations. Conclusion: : We demonstrated the existence of the possible gender bias where female gender of the patient and treating physician diminish the likelihood of the restricted health resource use.
Background
Patient gender has an important and sometimes unintended effect on clinical decision making. Previous studies have shown that physicians are less likely to recognize common diseases presented in women (e.g. to under estimate female patients admitted with atypical chest pain) and are frequently offered less intense diagnostic and therapeutic approach, resulting sometimes in subpar outcomes compared to men (e.g. 10% increased mortality in septic shock). [1] [2] [3] [4] In intensive care settings, females have been shown to have higher rate of therapy limiting advance life, such as do-not-resuscitate or do-not-intubate assignment. 5, 6 From the physician perspective, there is evidence that the gender plays an important role as well. Female physicians are more likely to follow medical guidelines, to conduct primary and secondary preventive interventions, to achieve recommended target values (e.g. of blood pressure and glycemic control) and to engage in holistic medicine approach, while using patient centered communication, compared to male colleagues. [7] [8] [9] [10] [11] [12] Although some studies have suggested that men have higher chances of being admitted to the intensive care units (ICUs) and undergo more procedures during the admission, the effect of the physician gender and its interaction with the patient gender is not fully elucidated. [13] [14] [15] [16] ICUs are one of the most expensive and scarce health resources that frequently require patient triage. Compared to the Organization for Economic Co-operation and Development (OECD), the Israeli health system is characterized by a low number of ICU beds per capita with 4.6 beds per 100 000 as compared to the average of 11.5 in the OECD. 17 This condition presents a complex challenge to the clinician, requiring resources allocation optimization and determination of which patient will benefit the most from the intensive care admission. 18 This study aims at investigating whether the gender of the patient and of the physician, as well as their combination, are associated with ICU admission decision of critically ill patients in emergency department (ED) settings.
Materials and methods

Study population
We obtained health data of all patients admitted to the medical resuscitation room (RR) in Soroka University Medical Center (SUMC) ED between the years 2011 and 12. SUMC is a large tertiary medical center 19 in the southern Israel, serving a population of more than 700 000 as the only primary hospital and nearly 1.2 million as a tertiary hospital. The medical ED contains 65 beds and has an annual census of over 150 000 visits. In the ED patient selection is random, as each physician is assigned a patient according to his/her turn, with a very low ability to decline a patient. Critically ill patients are treated in a six-beds RR with an annual volume of approximately 500 patients. Patients may enter the RR directly when arriving to the ED by Emergency Medical Services (EMS) after quick triage or be transferred from the ED after receiving initial treatment due to the deterioration in their medical condition. The RR treatment may include diagnostic and therapeutic measures, e.g.: definitive airway, defibrillation, various medications, vasso-pressors, blood products, central lines, x-rays, point of care ultrasound and computed tomography. When the treatment in the RR is finished, patients are then admitted to either an ICU or a medical ward for further treatment. SUMC operates as a low ICU resource environment (2.3 ICU beds per 100 000) under the so-called 'closed door policy' for ICU admissions, where the ICU admission is conditional on an intensive care physician decision. This situation is opposed to the more common 'open door policy' in most of the Western health systems, which have more permissive ICU admission policy. 20 
Data extraction
This study was approved by SUMC's Ethics Committee. We identified all adult patients treated in SUMC's medical RR during the study period and excluded pediatric patients, those who were dead upon arrival and non-identified patients. We extracted demographic (age, ethnicity, socio-economic deciles, distance from hospital), medical history, laboratory (complete blood count, chemistry and blood gas) and clinical data from the computerized outpatient-inpatient database and calculated the Charlson's co-morbidity index 21 for each patient. We used the first set of vital signs and laboratory tests that were recorded while initiating the therapy in the RR. Therapeutic data (medications and medical procedures) were extracted from the RR nurse sheets that were available only for the years 2011-12.
Characteristics of the treating physician (including duration of therapy that was given, availability of ICU beds, physician expertise and experience, number of patients in the ED during RR therapy) were assessed using the unique electronic login of each physician in the hospital electronic record during the medical engagement. Each physician name was cross matched with the Israeli Ministry of Health open database to receive the type of residency, years of seniority and gender.
Patients were identified by their national ID number, which was encoded prior to the data analysis. The primary outcome of our analysis was ICU admissions following RR treatment, and the secondary outcomes were in-hospital and 1-year mortality. In this study, we refer to the term 'gender' as it is explained by a person's self-representation as a man or a woman, which may impact the individual response to clinical scenarios, rather than pure biological differences. 22 
Statistical analysis
Data are expressed as mean 6 standard deviation (SD), median 6 interquartile range (IQR) or number and percentage. We compared the characteristics of patients and physicians stratified into four (2 Â 2) groups according to the patient and the physician gender. We used the v 2 test and the Kruskal-Wallis test to compare dichotomous and continuous variables, respectively. To minimize the effect of acute hospitalization on long term mortality, we conducted a landmark analysis for 30, 180 and 365 days survival of discharged patients using Cox regression. To estimate the association between the patients' and physicians' characteristics with the ICU admission decisions, we utilized a forward stepwise conditional multivariable logistic regression model. The final model included all four groups of patient-physician genders. Additional models were analyzed separately, stratified by patient and physician gender. Each set of covariates (demographic, medical history, laboratory, etc.) was entered sequentially as a separate block of variables to the model. The final model was selected according to the statistical significance of coefficients, their clinical relevance and the model discriminatory characteristic, which were evaluated by calculating the c-statistic (statistics showing the discriminatory power of the model, i.e. difference in the predicted probabilities of the event between those with and without the event) in addition to choosing the minimal -2 log likelihood of each model (which represent the goodness of fit for binary outcomes in a logistic regression). 23 We focused on parameters that were previously reported to be correlated with morbidity and mortality of critical ill-patients in the final model. The model also included a nominal variable that was composed of a 2 Â 2 interaction term between the gender of the patient and of the RR physician (female-female, female-male, male-female and the reference category was male-male combination). Data analysis was performed using SPSS version 24.0. P-values smaller than 0.05 were considered statistically significant.
Results
Patient characteristics
We screened 1064 admissions to the RR during the study period (2011-12). After excluding patients who were younger than 18, dead on arrival, patients with missing identification details, and cases with unknown physician gender, a total of 831 admissions were included in the final dataset ( Figure 1 ). Table 1 and Table A1 in Appendix present the baseline demographic and clinical characteristics of patients stratified by patient and physician gender. Overall, female patients were older and with higher rate of dementia regardless of the physician gender, compared to male (age 71.3 and 64.9 years, 7.3% and 1.3% with dementia, female and male, respectively, P < 0.001 for both). In addition, female patients showed lower baseline hemoglobin, creatinine and albumin (11.7 and 13.1 g/dL; 1.08 and 1.40 mg/dL; and 3.24 and 3.42 mg/dL, respectively, P < 0.001 for all). Male patients were less stable during their RR treatment, as a higher rate of them received definitive airway and vasso-pressors therapy (90.4% and 84.4%, P ¼ 0.003, 17.8% and 11.9%, P ¼ 0.07, respectively). Overall, it appears that male physicians did not select older, sicker, or less stable patients than female physicians.
Baseline characteristics of RR physician and procedural characteristics, stratified by gender are shown in Table 2 and  Table A2 in Appendix. As opposed to patient characteristics, baseline demographic or medical features of the RR physicians were not associated with their gender. However, male physicians appeared to treat more patients transferred by EMS and those admitted directly to the RR (as opposed to initiate treatment outside of the RR) compared to female physicians (59.7% and 44.7%, 73.4% and 55.4%, respectively, P < 0.001 for both). Table 3 shows patient outcomes stratified by the patient and physician gender. The treatment of a female patient by a female physician is associated with decreased ICU admission rate overall (20.2%, P < 0.001), a decrease in the medical ICU admission rate (8.3%, P ¼ 0.01), and decreased intensive cardiac care unit admission rate (11.9%, P ¼ 0.002)
ICU admissions and clinical outcomes
The effect of patient-physician gender interaction on the odds of ICU admission, adjusted for the patient case-mix (multivariable logistic regression model), is shown in Figure 2 , first for the entire cohort, and then in subgroups stratified by primary diagnosis of cardiac and non-cardiac patients (c-statistics were 0.80, 0.79 and 0.89, respectively). Models were adjusted for age, diabetes, mode of transportation to the hospital, first pH test and establishment of the definitive airway and vasso-pressors treatment in the RR. Female patients who were treated in the RR by female physicians had the lowest ICU admission odds among the entire cohort (adjusted OR: 0.21; 95% CI: 0.09-0.51) compared to male patients who were treated by male physicians (reference group). This association was significant for both non-cardiac patients (OR: 0.28; 95% CI: 0.09-0.81) and cardiac patients (OR: 0.10; 95% CI: 0.02-0.57). Female patients who were treated by male physicians and male patients treated by female physician had ICU admission odds, which were significantly lower than in male-male combination: OR: 0.53 (95% CI: 0.32-0.86) and 0.43 (95% CI: 0.21-0.89), respectively. When patient and physician gender were tested separately in multivariable models (Table 3 and Table A4 in Appendix), it appeared that both female patients (OR: 0.50; 95% CI: 0.32-0.78) and female physicians (OR: 0.40; 95% CI: 0.23-0.71) had relative similar contributions to the lower ICU admission among female-female cases.
No association was found between the patient and physician genders and their interaction, with both univariable short-term (in-hospital mortality) and long-term (land mark analysis for 30, 180 and 365 days) mortality (Table 3) . One year survival of the entire cohort was similar among the four groups, as shown in Kaplan-Meier curves in Figure 3 (log rank 0.91).
Discussion
The main finding of our study is that both physician and patient female gender are associated with a decreased ICU admission rate of critically ill patients. The lowest adjusted ICU admission odds were observed in the situation where both are females and Admissions to the resuscitaƟon room (N = 1064) Excluded (n = highest where both are males. In addition, we have shown that patient selection was associated with the physician gender; male physicians treated more patients transferred by EMS (an indicator of the sicker status). It is suggested that women patients utilize more primary medicine healthcare resources, 24 use more preventive care services, and show higher ED visit rate. 25, 26 When arriving to the ED, women often present with clinical symptoms that differ from men, which may alter their management and sometimes postpone the delivery of crucial treatment. 3, 27, 28 Furthermore, studies on the outcomes of critically ill patients show better outcomes for men. Women often undergo less invasive procedures in both the ED and the ICU and have lower rate of ICU admission for the same severity index compared with men. 29, 30, 31 We showed that patient male gender is associated with higher ICU admission rate but not with short-or long-term difference in mortality rates. The former finding is consistent with the studies that showed a lower ICU admission rate for women. 31 Women patients in our cohort were older and with higher rate of dementia, which may contribute to the lower ICU admission rate among female patients, since lower functional status is strongly associated with a decrease in ICU admission rate. 32, 33 This issue is important particularly in a medical system with restrictive ICU acceptance policy as in the case of Israel. Nevertheless, these differences in clinical and demographic characteristics do not fully explain the difference in admission rates, as our results remained statistically significant even after adjusting for the patient case-mix. Converging evidence suggests that physician gender may influence patient care. A series of studies conducted in primary care settings indicated that female physicians have distinct practicing characteristics compared to male physicians. Female physicians spend more time with each patient, prioritize preventive medicine, engage in significantly more psychosocial 
First gender in each square refers to the patient and the second to the treating physician.
counseling and emotionally focused talk with their patients, leading them to provide a higher quality of care. 34 However, a paucity of studies evaluated the effect of the physician gender disparity in a hospital environment or the interaction of both patient and physician gender. Tsugawa et al. 35 have recently reported that among more than 1.5 millions hospitalized Medicare beneficiaries, those treated by female internists had lower in-hospital mortality and readmission rates, compared to those treated by male internists. The study of Dahrouge et al. reported lower risk of ED referrals and hospitalization given by female family physicians compared with their male counterparts. 36 This effect was modified by the patient gender, as female patients treated by female physician were less referred and admitted to hospitals, compared to male patients. Safdar et al. reported that physician gender had greater influence than patient gender for pain management decisions in the ED. 37 In the current study, we reported an association of the physician gender with ICU admission rates. Moreover, we revealed that critically ill patients were selected differently by male and female physicians during treatment initiation in the ED. Female physicians engaged in fewer medical encounters with patients transferred by EMS. In addition, female physicians treated more patients who started their ED admission outside the RR (presumably being more stable), and later deteriorated and were transferred to RR. These findings suggest that the physician gender may have an important role in the selection of ED critically ill patients. 'In addition, this study was conducted in a hospital with low ICU beds capacity that operates a "closed unit" admission policy. Since each patient has his/her own unique characteristics, in this situation the decision which patient will be admitted to an ICU is based on clinical judgment and by interaction with the treating physician in the ED rather than on clearly defined criteria. Hence, the decision which patient will eventually be admitted to ICU is mainly subjective and emphasizes the importance of the physician gender'. A previous study on the influence of gender on risk perception found that women perceived a given health risk higher than men. 38 Sociological studies support the notion that women prefer to minimize a given risk compared with men and prefer more conservative strategies with lower risk. 39 It was shown that women's greater perceived likelihood of negative outcomes mediated their lower propensity toward risky choices. 40 In a more practical point of view, female physicians were more likely to defer resuscitation or mechanical ventilation than males. 41 The physician gender was found to influence ambulatory management as well. 42 Male and female physicians showed to have different expectations in relation to their patient gender. 43 Evidence of gender differences in treatment of pain emerged only when the physician gender was entered into the analyses. 44 . In our analysis, women physicians a priori have selected more stable patients. This finding can partially explain the lower ICU admissions of female patients treated by female physicians. However, gender interaction effect on ICU acceptance remained significant even after multivariable adjustment. This study has several limitations, which provide opportunities for a future research. First, this study was performed in a single center and selection bias in patient choice may be unaccounted for, as in our environment physicians can 'choose' Figure 2 . Forest plot of multivariate analysis for ICU admission rate of the entire cohort, non-cardiac patients and cardiac patients who were treated in the medical RR (c-statistics were 0.80, 0.79 and 0.89 respectively). Each model included patient-physician gender interaction, as male-male is the reference group respectively. Models were adjusted for age, diabetes, mode of hospital transportation, first pH, and patients who treated with definitive airway and vasso-pressors in the RR. Results expressed with odds ratio and 95% confidence interval. their patients to a certain extent. Second, data on disease severity (e.g. SOFA score), which serves as an important predictor for critically-ill patients' survival, were unavailable. Third, we could not attain information regarding the number of patients who were presented to intensivist physicians and were not admitted to the ICU, compared to those whose functional state was deemed to be too low and were thus admitted directly to a general ward. Yet, due to the institution's policy most of the patients admitted to RR are presented to the ICU physician. Lastly, this study was conducted in a 'closed door' policy environment due to low ICU beds capacity, which may limit the generalizability of its findings to health systems operated under higher ICU beds availability.
Conclusion
In the present study, we demonstrate that the patient and physician genders, as well as their combination, are key factors in clinical decision making and in determining the level of care. While previous studies focused on the associations of ICU admissions and the patient or physician gender separately, the current research innovates by analyzing the interaction of the two components. Our results highlight the need for further research to address the potential effects of clinical decisions associated with the patient and physician genders.
